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elimination of vibration and the attainment of

higher engine speeds are always being sought,
while at the same time endeavour is directed to
make the engine more compact in shape and light
in weight.

Engines for quite normal use are now made
which weigh less than 1J Ib. per horse-power
developed, while for special purposes they can be
made much lighter, and when this figure is com-
pared with the weight, of other power units,
although not for aircraft', and not necessarily made
as light as possible, the problem of the engine
designer will be more fully realized. For example,
a marine oil engine may weigh from 70 Ib. to
450 Ib. per horse-power, and a motor-car engine
about 10 Ib, to 15 Ib. per horse-power.

1. The Birth of an Engine. The first stage in the
life of a new engine is the preparation and con-
sideration of various designs, and the choice of a
final design which offers a fair promise of success.
After the design has been agreed, the construction
of a few experimental engines, possibly only two,
will be made, and during this process all the parts
are thoroughly examined and tested before final
assembly is considered. When manufacture is
completed the engine, as a type, commences the
most important period in its life. It has to be
bench- and flight-tested for hundreds of hours
under all likely conditions of usage, and it is during
this period that the defects of the design are
gradually eliminated. Concurrently with this
development, but frequently preceding it, many
tests are made of single-cylinder units, not only
to verify the reliability of the construction which
is to be duplicated in every cylinder of the whole
engine, but to explore the limits of power which
may be obtained from this particular size and
design of cylinder. The accessories will also be
thoroughly tried out separately, so that the
development of the complete engine may not be
delayed by the breakdown of some minor com-
ponent. Defects may "be due to faults in design
unforeseen in the earlier stages, in spite of the
care and scrutiny given to every detail; also to
bad material or the choice of wrong material.
Not infrequently some failure will occur which
will partially, if not entirely, wreck the engine,
and a new engine has to be built up embodying
the requisite improvement, and again subjected
to trial.

Quite apart from the mechanical reliability of
the engine of which the components, large and
small, may number several hundreds, it is neces-
sary that the engine should give its designed power
in conjunction with light weight, and much experi-
ment is devoted to attaining this power, while at
the same time the structure of the engine. is con-
sidered carefully from the point of view of reducing
its weight to the lowest limit commensurate with
safety. Other problems which arise and have to
be dealt with satisfactorily are the efficient cooling

of the engine, the distribution of the mixture to

each cylinder in equal proportions, and adequate
lubrication to all parts without excessive con-
sumption of lubricating oil.

A constructor lias a free hand in the design and
manufacture of the engine, and it is a matter
entirely for him to decide what type of engine he
wishes to make, so long as the materials of con-
struction are of a kind and quality approved for
use in the various components. Before, however,
the engine as a type is considered to be airworthy,
whether the type is to be used for service or for
civil purposes, it is necessary that the type should
be tested thoroughly on long-duration runs at
various powers and under various conditions, and
that the engine should show no serious deteriora-
tion as a result of these tests.

When a constructor is already in production on
a certain size of engine and wishes to produce
another size, it is common and sound practice to
base the design of the newer engine on the old
one, benefiting from experience with the latter and
embodying any improvements found desirable.
In this way an element of perpetuity in type results,
and, in fact, definite types become associated with
certain constructors and become almost a preroga-
tive of that particular firm. If a constructor makes
several sizes of engines it is beneficial if they are
all made of the same basic type, e.g. radial engines,
because many parts may be made common to all
sizes and production and replacements are made
more economically.

2, Belative Merits and Survey of Engine Types.
Types of engines can be broadly classified into air-
cooled and liquid-cooled engines, and almost
inevitably that classification introduces a great
difference between the two in many respects other
than the method of cooling. The respective merits
of these two types have been frequently outlined,
but it would seem that each lias its use, and it
cannot be said that either should give way to the
other. For military purposes both types are in
demand, and for use with high-speed aircraft the
liquid-cooled engine probably has the advantage
of presenting less air resistance. Many speed
records have been achieved with liquid-cooled
engines. The air-cooled engine is favoured by
many civil-aircraft-operating companies, because
it offers a simpler installation in the aircraft with
no necessity to carry the liquid coolant and the
accompanying pipes and radiator. For cold
climates the elimination of a liquid cooling system,
with its liability to freeze, has advantages. The
air-cooled engine also, as a rule, is more easy of
access for servicing and repair. The air-cooled
engine, however, unless adequately cowled in to
blend smoothly with the aircraft structure, may
present a considerably greater resistance in flight
than the liquid-cooled engine, since the latter can
at all times be covered in with a smooth covering,
and no exposure of its cylinders to the air-stream
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